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Particle size solid(%) Density(kg/cm®) colour
Smaller than
50 nm 50.9 1.37 colorless

Table. 3. Properties of nano silica
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Density(kg/lit) PH  Colour
1.112 7+1  Brown
Table. 4. Properties of super plasticizer
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Fig. 2. Super plasticizer in the right hand and nano-silica in
the left hand
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Percentage passing at ASTM C33 Standard

- - 4 (3/8)" 2"
Gravel
- - 0.15 57.42 100
100 50 30 16
Sand
6.17 1751 40.1 68.2 85.4
Table. 1. Seive aggregates analysis
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Amount Properties
0.9 Density(gr/cm?)
Hydrophobe Reaction with Water
3000-4000  Tensile Strength(kg/cm?)
175 Melting point
18 Length(mm)

Table. 2. Properties of polypropylene fibers
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Fig. 1. Polypropylene fibers used in the investigation
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WIC Cement Sand Gravel
(kg/m?)  (kg/m®)  (kg/m®)
0.38 436.2 660 1025
Table. 5. Materials amount in mix design of ordinary
concrete
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Lightweight
WIC Cement aggregate Gravel
(kg/m®) (Leca) (kg/m®)
(kg/m®)
0.5 500 500 455
Table. 6. Materials amount in mix design of lightweight
concrete
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Fig. 3. Ultrasonic test (determining dynamic modulus of
elasticity)
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- Electrical
Corrosion .
. resistance
probability (Qm)
Very low 200<
Low 100-200
High 50-100
Very high 50>

Table. 7. Relation between electrical resistance and corrosion
probability
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Fig. 4. Electrical resistance test machine

Compressive Strength (kg/cm?)

Ceslie (V dsdz) 2 dalr s dlae 5 el
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Compressive Strength (kg/cm?)

Light Weight Concrete

Ordinary Concrete

Mix Design ~ Mix Design

Name Number
90 days 28 days 90 days 28 days
258 237 375 361 ONgPy 1
265 243.8 394 386 ONgPoso01 2
278 255.7 397.5 393 ONgPosoo2 3
250 230 399 397 ONgPo/003 4
318 3116 450 437 ONge2Po 5
3315 324.4 484.5 475 ONgoPoioos 6
345 338.8 493 483 ONoo2Poioo2 7
310.8 304.6 491 471 ONo02Poioos 8
283 277 510 495 ONg/04Po 9
295 289 555.5 544 ONo04Poioo1 10
306 300 560.5 550 ONg/0sPoiooz 11
277.3 272.4 555.2 546 ONg/0sPooo 12
242 226.1 566 552 ONgyo6Po 13
249.1 244.2 611 602 ONo06Posoor 14
260.8 255.6 621 617 ONoyosPor0o2 15
233 228.3 620 619 ONoyosPoroos 16
Table. 8. Compressive strength test results
0335 YA L Caglie ol s alie 0 IS
650 -
—— Ordinary Concrete
600 - —aA— Light Weight Concrete
550 -
500 -
450 -
400 -
350 -
300 -
250 - ‘
200 T T T T

01 2 3 4 5

6 7 8 9 10 11 12 13 14 15 16

Mix Design Number

Fig. 5. 28 days Concrete compressive strength diagram
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Indirect Tensile Strength(kg/cm?)

Light Weight concrete Ordinary Concrete MD,;Ene]Zlgn M,I\lxuzfg? f
90 days 28 days 90 days 28 days
22.8 205 28 26.5 ONgPy 1
26.1 24.5 32 30 ONgPoj001 2
26.9 255 325 31.3  ON¢Poooe 3
274 26 333 315 ONgPo/003 4
28.1 25.3 33.6 323 ONg2Po 5
32.2 29 39 37.8 ONoio2Poioos 6
33.1 29.7 38 37.2 ONg02P o002 7
336 30.2 37 351  ONgoPoros 8
25.6 23.1 34.7 33.1 ONg4Po 9
305 276 39.4 375  ONyosPoooy 10
30.9 27.9 41.6 41 ONgj04Pos002 11
314 28.3 41.6 39.1 ONg04Pos003 12
21.7 19.6 336 326 ONgiosPo 13
24.9 224 374 36.3 ONgosP oot 14
25.6 23 39 28.2 ONg0sP o002 15
26 234 40.3 39.7  ONyosPoros 16
Table.9. Indirect tensile strength results
0335 YA (228 aglie tlosl s aslie 5l el L IS
45

«\’g —&— Ordinary Concrete

= 40 - —A— Light Weight Concrete

a4

g, 35 -

L

7] 30 A

@

§ 25 - \

g 20

g

- 15 L s B o I s E e s e e S R
0 1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Mix Design Number

Fig. 6. 28 days Concrete indirect tensile strength diagram
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Dynamic Modulus of Elasticity (kg/cm?)

- . . Mix Design Mix Design
Light Weight Concrete Ordinary Concrete Name Number
90 days 28 days 90 days 28 days
25287 25042 36891 35134 ONgPy 1
25743 25508 37444 35731 ONgPoso01 2
26077 25812 37600 36258 ONgPog/002 3
26131 25880 37666 36329 ONgPoso03 4
30462 30251 38588 36893 ONg2Po 5
30853 30633 39241 37589 ONgso2Pooo1 6
31257 31045 38628 37530 ONo02Porooz 7
30985 30858 38567 37509 ONoo2Poi0os 8
26825 26590 39510 37593 ONgy4Po 9
27215 27028 40065 38161 ONo/osPoroos 10
27610 27395 40922 39267 ONgs0sPoioo2 11
27497 27256 40378 38629 ONg04Pooos 12
22369 22141 39252 37312 ONgysPo 13
22726 22510 39728 37911 ONgosPooo1 14
23088 22867 39965 38579 ONoosPoooz 15
229520 22731 40190 38827 ONoosPoroos 16
Table. 10. Ultrasonic test results
355) YA J<.:AL3'J W‘}“ Jj.l.a MU.AJ\A}A.?.VJSJA
E 40000
L
=5
)
3 35000 -
3
w
G 30000 -
E
=}
©
§ 25000 - .
° —e— Ordinary Concrete \
g —a— Light Weight Concrete
g\ 20000 T T T T T T T T T T T T T T T
0 1 3

2

4 5 6 7 8 9 1011121

14 15 16

Mix Design Number

Fig. 7. 28 days dynamic modulus of elasticity diagram
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Electrical Strength (Qm)

Light Weight concrete Ordinary Concrete M D,ilaDrﬁzlgn Mll\lxua%z,g "
90 days 28 days 90 days 28 days
176 156 109 107 LNoPg 1
202.4 178 131 130 LNoPos01 2
290.3 255 183 180 LNoPosooz 3
396 349.2 251 243 LNoPosoos 4
417.6 367 137 130 LNgso2Po 5
480 422.4 170 167 LNooPooos 6
688 605.5 238 234 LNoo2Poroo 7
934.4 822 323.3 316 L Noso2Poioos 8
582 512.3 137.3 137 LNos04Po 9
670.3 590 169 167.7 LNo/04Poroo1 10
960.5 845 237.9 2358 L No/04Pos002 11
1303.7 1146.6 3238 318.3 LNo/0aPorooz 12
714 628 147.2 146.6 LNos0sPo 13
821.2 722.6 186 183.3 LNo/osPoroor 14
1178 1036.6 243.4 238 L No/osPoso2 15
1590 1399 359 354.8 LNos0sPos003 16
Table. 11. Electrical strength test results
23350 YA (S8 sl ilosl s aslie Sl ped A LSS
1400
1300 { —@— Ordinary Concrete
1200 4 —a— Light Weight Concrete
‘£1100
&.1000 -
8 900 -
& 800 -
2 700 -
= 600 -
S 500 -
£ 300 |
200 -
100 T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Mix Design Number

Fig. 8. 28 days electrical strength diagram
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Abstract:
Over the course of time into the 21th century, concrete has been known as one of the most high usage
materials in the construction industry. As a consequence, trying to produce light concrete is an active and
developing area within the new field of construction science. In spite of considerable amount of compressive
strength, low tensile strength and relatively high fragility of the concrete, are limitations in using it in some
parts of structures which are partially or fully faced with tensile forces. This fundamental defect of concrete
in practice can be eliminated by reinforcing it using steel bars in the direction of traction forces. Having in
mind that the steel bar just constitutes a small part of the whole cross section of the structure, it will not be
correct to conceive of the cross section of concrete as an isotropic and homogeneous surface. In recent
decades, in order to come up with the isotropic condition and decrease the fragility, weakness and
retrogression of concrete, new techniques and trends of applying slender fibers running through the internal
section of the bulk of concrete has become prevalent and common practice. Nano materials - compared to the
normal concrete affected by Nano chemical materials with cement particles and calcium hydroxide crystals
which exist in cement - have a severe effect on the performance of concrete composites.
In this study, the effect of Nano-silica and polypropylene fibers on mechanical properties and durability of
normal and lightweight concretes are examined. In the design of lightweight concrete, Leca lightweight
aggregates were used. More than 384 cubic and cylindrical samples were made based on ASTM standards
and compressive strength, indirect tensile strength, ultrasonic and electrical resistance experiments were
carried out.
Results of the experiments showed considerable increase in mechanical characteristics and durability of
normal and lightweight concretes. Nano-silica contributes to the proper spread of fibers. Compressive
strength, indirect tensile strength, and the dynamic elasticity module of the ordinary concrete were higher
than those of the light weight concrete, while the electrical resistance of the light weight concrete was higher
compared to the corresponding samples.
Compressive strength and indirect tensile strength of Nano-fiber concrete are increased up to 71% and 55%
in normal weight concrete and up to 43% and 47% in lightweight concrete, respectively. Considerable
increase in electrical resistance indicates high durability of these kinds of concretes. Of course, economic
considerations of using Nano-silica and polypropylene fibers require special attention. Finally, the proper
amount for the polypropylene fibers and Nano silica were determined in order to achieve normal concrete
and lightweight concrete with optimal properties.

Keywords: Nano-silica, polypropylene fibers, mechanical properties, durability, light weight concrete
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